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t he  Academy of Sciences USSR, Moscow 
I. Microflora of t h e  Surface Layer of Rocks 
Although microbiology has amassed s u f f i c i e n t  observations of t h e  geological  /318* 
a c t i v i t y  of microorganisms, many s c i e n t i s t s  -- not only among geologis t s ,  but 
a l s o  among pedologis ts  -- nevertheless  take the  viewpoint t h a t  t h e  process of 
''rock weathering," t he  breaking down of rock, and i t s  transformation i n t o  marl 
proceed under t h e  e f f e c t  of physicochemical and mechanical f a c t o r s .  It is t h e  
opinion of many pedologis ts  t h a t  biogenic and, i n  p a r t i c u l a r ,  microbiological 
f a c t o r s  are excluded i n  t h i s  process (Kravkov [Ref. 41, Zakharov [Ref. 31, e t c . ) .  
Vernadskiy (Refs. 1, 2) wrote t h a t  t o  study t h e  processes of rock "weather- 
ing" merely f rom, the  viewpoint of physiochemical phenomena revea ls  t he  backward- 
ness of t h i s  f i e l d  of chemical geology. 
i s  a b io log ica l ly  s luggish process. 
must be biogeochemical -- i n  other  words physical ,  chemical, and b io log ica l  
agents p a r t i c i p a t e  i n  the  breakdown of rocks. 
The process of rock weathering, he wrote, 
The approach t o  t h e  study of t h i s  process 
Polynov (Ref. 6 )  was the  f i r s t  t o  s e t  about studying the  i n i t i a l  s tages  of 
s o i l  formation i n  d e t a i l  from these  viewpoints. 
concentrat ing t h e i r  a t t e n t i o n  on l ichens and studying t h e i r  e f f e c t  on the  process 
of rock des t ruc t ion  (Polynov(Refs. 6 ,  71 ,  Yarilova [Ref. lo]). 
graphic proof of t h e  des t ruc t ive  e f f e c t  of l ichens.  
H e  and h i s  co l labora tors  are 
These papers give 
Our o m  observations show t h a t  microorganisms -- bac te r i a ,  fungi ,  ac t in-  
omycetes, and a lgae  -- a c t i v e l y  pa r t i c ipa t e  i n  the  breakdown of rocks. I n  the  
preceding work (Ref. 5), w e  quoted data on the  massive development of var ious 
microorganisms i n  the  body of l i chens  and remarked t h a t  l i chens  are a l s o  accumu- 
l a t o r s  of t hese  c rea tures  i n  t h e  surface layer  of rock. 
It i s  w e l l  known t o  s p e c i a l i s t s  tha t  rocks a r e  f requent ly  overgrown with 
l ichens  (Fig. 1). These puzzling symbionts f requent ly  cover the  sur face  of 
mountain mass i f s  i n  a continuous th i ck  layer .  As a r u l e ,  t h e  rock beneath them 
is  a l t e r e d  t o  a grea te r  or  less depth, and a sur face  layer  is  formed which i s  
c l e a r l y  colored (Fig. 2 ) .  This layer  d i f f e r s  from the  bas ic  unchanged rock i n  
a number of o ther  chemical and physiological proper t ies .  
be e a s i l y  worked, and more o f t en  than not i s  colored brownish o r  l i g h t  yellow. 
It is  less s t rong,  may 
The thickness  of t h i s  layer  v a r i e s  i n  d i f f e r e n t  cases depending on the  rock 
of t he  s tone  mass i f s , t he  conditions of the s i te ,  and t h e  continuance of l i chen  
growth on them. It f luc tua te s  from 1 t o  5 mm, but i n  i so l a t ed  cases ,  goes as 
high as 10 mm. 
The a l t e r e d  layer  on the  surface of t he  rocks i s  a l s o  o f t en  observed on 
massifs which are not overgrown with l ichens.  
ing thickness  -- from 1 t o  5 mm -- and has brownish co lora t ion  and reduced 
s tr eng t h  . 
*Numbers i n  the  margin ind ica t e  pagination i n  t h e  o r i g i n a l  fore ign  t e x t .  
It a l s o  is  customarily of d i f f e r -  
1 
-.-. . - . . . . ... .. 
This a l t e r e d  su r face  l aye r  of rocks w a s  t h e  subjec t  of our i nves t iga t ions .  
We were i n t e r e s t e d  i n  the  presence of l i f e  i n  t h i s  impaired su r face  layer .  D o  
"I: nrrt rni*rnnrn"-<-.", --.-.-L. &L---9 v--- L 1 - 2  -.- 6u..AuALLu G .  I U L  L I I L ~  ~ U L ~ U S O ,  w e  i ia i i~ ie~ed off s m a i i  
p ieces  of rock having an  a l t e r e d  sur face  layer .  
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The specimens co l l ec t ed  w e r e  wrapped i n  s te r i le  paper and taken t o  t h e  lab- 
o ra to ry ,  where they were subjected t o  microbiological ana lys i s .  I n  many cases 
t h e  rock specimens were processed on the  day they were co l l ec t ed  i n  the Micro- 
biology Department of t h e  Academy of Sciences of t h e  Armenian SS?. Most of t h e  
specimens, however, w e r e  s e n t  t o  Moscow t o  t h e  I n s t i t u t e  of Microbiology of t h e  
Academy of Sciences USSR,where they were s tudied  a f t e r  a more o r  less p ro t r ac t ed  
sojourn i n  a dry  state (from 1.5 t o  2 months from t h e  t i m e  co l l ec t ed ) .  
I n  t h e  labora tory  t h e  su r face  of the co l l ec t ed  specimens of rock monoliths 
w a s  mechanically f r eed  of l i chens ,  then flushed and c a r e f u l l y  washed i n  s ter i le  
water t o  c leanse  i t  of su r face  microorganisms. 
t h e  rock of t h e  a l t e r e d  su r face  layer was scraped off coa t  by coat .  
powder obtained w a s  inoculated i n  a c e r t a i n  weight onto n u t r i e n t  media, agarized 
and l i qu id .  
Af te r  being d r i ed  i n  steel f i l i n g s ,  
The f i n e  
I n  each specimen w e  i nves t iga t ed  scrapings taken a t  3 or  4 l e v e l s .  The 
f i r s t ,  t h e  topmost, w a s  of 0-2 mm; t h e  second w a s  a t  3-5 mm from t h e  sur face ;  t he  
t h i r d  w a s  i n  a deeper p a r t  6-8 mm (not always), and t h e  last  i n  a deeper p a r t  
which did not  change. 
The l a r g e s t  number of specimens w a s  gathered from t h e  b a s a l t i c  rocks of 
Armenia, then t u f a s  -- red and black -- were inves t iga t ed ,  and a few specimens 
of g r a n i t e  and limestone. 
For t h e  innoculations of t h e  scrapings taken from t h e  rocks we used n u t r i e n t  
media of varying compositions, i .e.,  meat-infusion agar ,  meat-infusion bro th ,  
grape must agar ,  Capek's syn the t i c  medium, and Ashby's anitrogenous medium. 
The test material w a s  inoculated onto t h e  agarized media i n  P e t r i  d i shes  
d i r e c t l y  as powder. L e s s  o f t e n  t h e  powder (scraping from t h e  rock) w a s  f i r s t  
d i l u t e d  i n  water, and t h e  aqueous suspension obtained w a s  incoulated onto t h e  
mediain t h e  usua l  way. The c u l t u r e s  were incubated a t  20-25' f o r  5-20 days. 
About 50 specimens of b a s a l t s  and tufas  i n  a l l  were examined i n  t h i s  way. 
The r e s u l t s  of t hese  inves t iga t ions  show t h a t  t he  sur face  l aye r  of rocks covered 
with l i chens  i s ,  when it seems changed t o  t h e  eye,populated w i t h  microorganisms 
t o  a g r e a t e r  o r  less degree. We determined from 5000 t o  100,000 germs per gram 
of rock, b u t  t h e i r  d i s t r i b u t i o n  i n  t h e  a l t e r ed  l aye r  i s  not uniform. 
The g r e a t e s t  number of microorganisms was detected i n  t h e  f i r s t  l e v e l  0-2 
mm from t h e  sur face .  A s  depth increases ,  t h e i r  number decreases,  and they are 
not found a t  a l l  beneath t h e  a l t e r e d  layer i n  the. untouched m a s s  of t h e  rock 
(Table I). Table I gives the  average readings of these  analyses.  
The microbe population develops most abundantly, as these  f i g u r e s  i n d i c a t e ,  
i n  t h e  su r face  l a y e r  of t h e  b a s a l t i c  and g r a n i t e  masses, and less so i n  t h e  t u f a  
2 
a t  a l l  were de tec ted  on t h i s  medium, while t he  b a c t e r i a  evinced no d i f f e rences  
from t h e  b a c t e r i a  growing on meat-infusion agar.  
TABLE 11. GROUP COMPOSITION OF MICROORGANISMS I N  SURFACE 
LAYER OF BASALTS AND TUFA. NUMBER OF CELLS PER GRAM OF ROCK 
Nut r ien t  
Medium 
. 30 
I 
* .  I 
Capek agar  
Ashby agar  
Grape must agar J r 
Figure 1. 
It must be noted t h a t ,  
considerably l a r g e r  than on 
Figure 2 
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although t h e  number of colonies  on t h e  Ashby agar  i s  
the  Capek agar, t h e  co lonies  themselves are very  
4 
rocks. 
0-2 
3-5 
20-30. 
7-10 
I n  t h e  monoliths below t h e  a l t e r ed  layer, t h e  rock w a s  genera l ly  sterile 
( r e l a t i v e l y ,  of course) providing there were no f i s s u r e s  i n  i t .  
t h e  presence of microorganisms i n  t h i s  p a r t  i s  not  de tec ted  by present-day methods. 
I n  o ther  words, 
100000 10000 I 150000 5 000 I7G0 
45 000 5 000 65 OCO 100 0 
10 000 0 0 
0 0 0 .  
. 5000 ' 
We examined 20 specimens of rock gathered from t h e  non-lichen-covered areas 
and sepa ra t e  s tones  i n  var ious  regions of Armenia, t e n  of which had a n  a l t e r e d  
sur face  l a y e r  and t e n  d i d  not .  Analysis of t hese  specimens i n d i c a t e s  t h a t  t h e  
specimens with a n  una l te red  sur face  layer are not  populated wi th  microorganisms. 
Microbes are not discovered on these  masses o r  are found i n  s l i g h t  number and 
only on t h e  very  su r face  of t h e  monoliths (Table I). 
t i t i o u s  forms. 
* Apparently they are adven- 1320 
TABLE I. NUMERICAL DISTRIBUTION OF MICROORGANISMS BY LEVEL I N  
SURFACE LAYER OF ROCKS. NUMBER OF CELLS PER GRAM OF ROCK 
I 
- - 
Eichen Grown I Not -lrufa 'Depth I i n  m Basalt /Tufa [Granite 1 Basalt 
I I I i I 
-
I n  t h e  monoliths f r e e  of l i chens  and having an  a l t e r e d  su r face  l aye r ,  m i c -  
roorganisms were de tec ted  i n  considerable numbers. I n  two specimens of limestone 
and i n  f o u r  of b a s a l t  and g r a n i t e  i n  which t h e r e  were pe rcep t ib l e  sur face  l aye r  
changes b u t  no l i chens ,  we discovered developing b a c t e r i a ,  actinomycetes, y e a s t s ,  
and fung i ,  as w e l l  as algae.  The 0-3 mm su r face  l a y e r  of t h e  limestone specimens 
contained from 50 t o  100 thousand microbe c e l l s ,  including about 5000 algae. 
t h e  g r a n i t e  and b a s a l t  specimens, there  proved t o  be 60 t o  80 thousand cel ls ,  
among which were a l s o  a lgae  i n  t h e  amount of about 2000 per gram. 
I n  
I n  q u a l i t a t i v e  composition, t h e  microflora of t h e  rocks inves t iga ted  d i f f e r  
The g r e a t  major i ty  i s  comprised of b a c t e r i a  with considerably fewer (Table 11). 
yeas t s ,  fung i ,  and actinomycetes. 
Asporogenous forms of t h e  genera Bacterium and Pseudomonas, and then myco- 
b a c t e r i a ,  are t h e  p r i n c i p a l  bac t e r i a  found; sporogenous b a c i l l i  and micrococci 
are r a r e l y  encountered. 
discovered i n  rare cases and only among rep resen ta t ives  of t h e  Bacteriaceae. 
A l l  t he se  organisms are co lo r l e s s .  Pigmented forms are 
We had no opportunity f o r  more de t a i l ed  study of t h e  microorganisms found 
i n  o ther  rocks,  but Table I1 i l l u s t r a t e s  t h e i r  r e l a t i o n s h i p  t o  n u t r i e n t  s u b s t r a t a .  
The f ind ings  i n  Table I1 demonstrate t ha t  t h e  g r e a t e s t  number of bac te r i a  grows 
on p r o t e i n  media. On must agar w e  counted only fungi  and yeas t s ;  no actinomycetes 
3 
s m a l l  and punctiform, bare ly  percept ib le  o r  e n t i r e l y  imperceptible t o  the  naked 
eye, and most of them had t o  be examined and counted with a loupe or  a low-power 
C h a r a c t e r i s t i c  of them is t h e i r  i n a b i l i t y  t o  grow i n  successive subinoculations 
onto n u t r i e n t  media. W e  t r i e d  t o  cu l tu re  these  b a c t e r i a  on d i f f e r e n t  media -- 
syn the t i c  (Capek's, Ashby's, etc) , prote in  (meat-infusion agar,  g e l a t i n ) ,  l i q u i d ,  
and agarized. 
- 2  -------- rnL-- -  ILILC.LuaLup,e;. A A L c a G  L.vLuuAt=p c"iials,t ~f diipGT"geii"us Li ic ta~i i i  aid urykubaci;eria. 
A s  a r u l e ,  they do not  grow i n  the inoculations from Ashby-agar. 
Here w e  apparently have more or less spec ia l i zed  forms of b a c t e r i a  and 
mycobacteria which r equ i r e  t h a t  a s p e c i f i c  medium be present  f o r  t h e i r  growth, 
s ince  they have become adapted t o  c e r t a i n  conditions of existence.  
The b a c t e r i a  which develop on ordinary p r o t e i n  media, as w e l l  as on Capek's 
syn the t i c  medium, percept ib ly  d i f f e r  i n  t h e i r  c h a r a c t e r i s t i c s  from many s o i l  forms 
which grow i n  t h e  same media. They sub inocu la t ewe l l  onto n u t r i e n t  media. 
W e  conducted similar s t u d i e s  of limestone specimens co l l ec t ed  from d i f f e r e n t  
sites i n  t h e  central zone of t h e  Sovie t  Union. 
of monoliths i n  qua r r i e s  and of ind iv idua l  s l a b s  and s tones  found on t h e  su r face  
of t h e  ground and i n  var ious  s t r u c t u r e s  t o  microbiological ana lys i s .  
cases t h e  su r face  of t h e  samples t e s t e d  w a s  f r e e  of l i chens ,  bu t  i n  a cross-sec- 
t i o n  from t h e  sur face  the re  w a s  a t h i n  a l t e r ed  l aye r  d i s t inguished  by i ts  darker 
color.  
i n  t he  su r face  l aye r ,  and fewer mycobacteria, fungi ,  and actinomycetes. Many 
a lgae  are discovered here  -- green and blue-green. On inocu la t ionon to  Ashby 
agar ,  t h e  d i f f e r e n t  specimens d isp lay  a count of from 10  t o  80 thousand cells of 
b a c t e r i a  and up t o  2000 of a lgae  per gram of rock sur face  layer .  This research  
i s  not y e t  concluded while t h e  microorganisms remain uncounted, bu t  t h e  genera l  
p i c t u r e  of t h e  f ind ings  is t h e  same as i n  t h e  research  on the  Armenian limestone 
specimens. 
W e  subjected t h e  su r face  l a y e r  
I n  most 
Analysis ind ica ted  t h a t  t hese  specimens conta in  a l a r g e  number of b a c t e r i a  
We observed a unique process of limestone rock d i s i n t e g r a t i o n  i n  t h e  f i e l d s  
near Kinel '  i n  t h e  Kuybyshev Oblast. 
f i e l d s ,  t h e r e  i s  a l a r g e  number of s m a l l  s tones  whose undersides are g r e a t l y  
corroded and look l i k e  sponges. 
water, t h e  sponge-like eroded sur face  was microbio logica l ly  analyzed. The s tones  
were hammered a p a r t ;  on t h e  f r a c t u r e  the a l t e r e d  su r face  l aye r  w a s  scraped off 
and inoculated onto n u t r i e n t  media. 
On t h e  s lope  of a h i l l y  e l eva t ion  i n  t h e  
Af te r  ca re fu l  cleansing and washing i n  steri le 
The analyses showed only t h e  presence of b a c t e r i a  and a very few actinomycetes. 
The number of b a c t e r i a  counted was from 50 t o  200 thousand per gram of 
W e  discovered no algae.  
s tones .  
su r f ace  l a y e r  of t h e  s tone  specimens under inves t iga t ion .  
The b a c t e r i a  do not pene t r a t e  deeper than 5 mm i n t o  t h e  
I n  summing up the  above, i t  may be in fe r r ed  t h a t  bac t e r i a  take  a g rea t  p a r t  
Under the  l i chens ,  and i n  many cases r ega rd le s s  i n  the  d i s i n t e g r a t i o n  of rocks. 
of t h e  presence of l i chens ,  t h e  su r face  of hard rocks -- b a s a l t ,  t u f a ,  limestone, 
g r a n i t e ,  and, w e  must assume, o thers  -- is s e t t l e d  p r i n c i p a l l y  wi th  b a c t e r i a ,  
mycobacteria, actinomycetes, fungi ,  and a lgae  -- autotrophs and heterotrophs.  
With t h e i r  excre t ions ,  t hese  organisms destroy rocks from t h e  sur face  and invade 
t h e i r  depths,  forming a su r face  l aye r  or "weathered c rus t "  which i s  v i s i b l e  t o  
5 
t h e  eye. Polynov (Ref. 8) i s  therefore  r i g h t  i n  regarding b a c t e r i a  as the  f i r s t  
settlers on uninhabited rocks. These microorganisms des t roy  t h e  rock with t h e i r  
acid excre ta ,  while t h e  products of rock decay are ass imi la ted  as sources of 
mineral  nutriment i n  t h e  form of separa te  elements. 
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I n  t h e  cases where b a c t e r i a  and other microorganisms develop i n  the  sur face  
l a y e r  of rock under l i chens ,  they u t i l i z e  t h e  organic excre t ions  of t h e  l ichens  
as sources of energy. From our preceding inves t iga t ions  (Ref.5) i t  is  evident 
t h a t  l i chens  may feed a v a s t  number of microorganisms with t h e i r  excre ta .  
I n  rocks f r e e  of l i chens ,  t h e  microorganisms t a k e  advantage of t h e  carbon 
nutriment sources excreted by f ree- l iv ing  a lgae  which, as t h e  above makes clear, 
are almost always discovered together with bac te r i a ,  actinomycetes, and fungi.  
Their development is not l imi ted  t o  l i t t o r a l  and submarine limestone rocks. I 
Algae, which as a r u l e  are less spec ia l ized ,  i nhab i t  var ious  rocks,  no t  only 
those  bathed i n  water, bu t  on the  dry land, on mountain tops ,  and i n  va l l eys .  
I 
Tauson (Ref. 10)  has 0bserve.d massive concurrent development of a lgae  and 
b a c t e r i a  on rocks on mountain tops of the  P a m i r s  and the  Caucasus, where they form 
l a r g e  "coatings." Together with bac te r i a ,  mycobacteria, and fungi ,  they penet ra te  
i n t o  t h e  depth of t he  rock, d i s so lve  i t ,  and thus prepare s o i l  f o r  o ther  subse- 
quent settlers of t h e  p l a n t  and animal world. It i s  these  koinoses cons is t ing  of 
f r ee - l iv ing  b a c t e r i a ,  actinomycetes, fungi and a lgae  which play t h e  primary and 
most important r o l e  i n  t h e  breakdown of rocks under present-day conditions of 
s o i l  formation. 
It must be remarked t h a t  many bac te r i a ,  and perhaps fungi  and actinomycetes, 
are themselves capable of a s s imi l a t ing  carbon dioxide from t h e  atmosphere and of 
synthesizing organic matter, using i n  t h i s  t h e  energy which they produce by ox- 
i d i z i n g  t h e  inorganic reduced compounds of t h e  rocks. 
Such b a c t e r i a  -- auto t rophic  o r  protrophic -- can e x i s t  without a lgae  o r  
l i chens .  Polynov (Ref. 9)  and o ther  s c i e n t i s t s  regard these  bac te r i aas  t h e  
very f i r s t  microbe settlers which prepare s o i l  f o r  o ther  microorganisms. 
Conc lus ions  
1. Microbiological i nves t iga t ions  have been ca r r i ed  ou t  on t h e  impaired sur face  , 
l aye r  of rocks -- b a s a l t ,  g r a n i t e ,  t u f a ,  and limestone -- overgrown with l i chens  
and f r e e  of them. 
2 .  It has been ascer ta ined  t h a t  t h i s  layer i s  inhabited by a g r e a t  number of 
organisms. The g r e a t  major i ty  c o n s i s t s  of bac te r i a  and mycobacteria with con- 
s iderably  fewer fungi  and actinomycetes. 
3. There is  a l a r g e r  number of microorganisms i n  the  su r face  l aye r  of b a s a l t ,  
g r a n i t e ,  and limestone rocks than i n  tu fa  rocks. 
4 .  Free-living algae are de tec ted  i n  r e l a t i v e l y  g r e a t  q u a n t i t i e s  on rocks not 
overgrown wi th  l i chens  and they are seemingly necessary concomitants t o  b a c t e r i a l  
and fungous f l o r a .  
5. 
d i f f e r  from t h e  ordinary forms, and belong c h i e f l y  t o  t h e  autotrophs developing 
I n  t h e i r  b io log ica l  c h a r a c t e r i s t i c s ,  t h e  b a c t e r i a  of rocks are unique, 
6 
I -  . * ., 
on syn the t i c  media with mineral sources of nitrogen. 
6. 
o r i g i n a l  v i r g i n  rocks. 
These bac te r i a  together  with free- l iving a lgae  are t h e  f i r s t  settlers on t h e  
They prepare the s o i l  f o r  l i chens  and other  organisms. 
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